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FORCE AND MOMENT DATA FROM A WIND TUNNEL TEST OF A TILT-NACELLE

V/STOL PROPULSION SYSTEM WITH AN ATTITUDE CONTROL VANE

Mark D, Betzina

Ames Research Center

Sunmmry

A large-scale, tilt-nacelle V/STOL propulsion system, with an attitude

control vane assembly mounted in the exhaust, was tested in the Ames 40-

by 80-Foot Wind Tunnel. The purpose of the test was to determine the

effectiveness of the control vane as well as the aerodynamic characteristics

of the entire propulsion system. This report presents the results in the

form of tabulated coefficients for both the vane forces and moments and the

total forces and moments produced by the propulsion system.

Nomenclature

AF fan area, 1.206 m2 (12.98 ft2)

ALPHA nacelle angle of attack, deg

CD wind axis drag coefflclent,D
qAF

CD notation for CD on tabulated data

CDv vane wind axis drag coefficient, DV cos at+ Lv. sin

qAF

CDV notation for CDv on tabulated data

Cj thrust coefficient, T
qAF

C2 notation for Cj on tabulated data

CL wind axis llft coefficient, L
qAF

CL notation for CL on tabulated data

J

CLv vane wind axis lift coefficient, Lv cos _ - Dv sin s

I
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CLV notation for Civ on tabulated data

Cm pitchlng-moment coefficient about the nacelle pivot axis, M

CM notation for Cm on tabulated data

Cmv vane pitching moment coefficient about the nacelle pivot axis,

_v-2.40s_ + 0.34Dv
qAFd

CMV notation for Cm_ on tabulated data

d fan diameter, 1.397 m (4.583 it) +

D total measured wind axis drag, N

DELV vane deflection angle, deg

Dv measured vane drag in nacelle body axis, N

GTT total gross thrust, Ibs

L total measured wind axis llft, N

Lv measured vane llft in nacelle body axis, N

M total measured pitching moment about the nacelle pivot

axis,

Mv measured vane pitching moment about the vane pivot axis, _ :_

N2 core engine power turbine speed, rpm
t

q free-stream dyuamtc pressure, N]m2

Q free-stream dynamic pressure, psi "

T total gross thrust, N

VICES free-streamveloclty, knots
! ?

V. free-streanveloclty, m/set _

a nacelle angle of attack, des
+

6 vane deflection ansle, des i
v _

t 2 ; +

t "; 2.
1
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Introduction

One possible technique for obtaining longitudinal control on tilt-nacelle

V/STOL airplane is the use of a va_Lable incidence vane mounted in the pro-

pulsion system exhaust. Large forces and moments can be produced by deflect-

ing the vane without depending on forward speed of the aircraft. A test was

performed in the Ames 40- by 80-Foot Wind Tunnel on a large-scale, tilt-nacelle

V/STOL propulsion system consisting of (I) the Hamilton Standard 1.4-m (55 in.) i

variable pitch Q-Fan driven by a Lycoming T55-L-IIA gas generator, (2) a Boeing

designed asymmetric inlet, and (3) a Grumman designed control vane assembly.

The purpose of the test was to determine the effectiveness of the control vane

as well as the aerodynamic characteristics of the entire propulsion system.

A test of the propulsion system without the control vane assembly was made

previously in the Ames 40- by 80-Foot Wind Tunnel (Ref. i, Z, 3). Ref. 4

presents an analysis of the aerodynamic effects of the control vane. Results

of static tests of this propulsion system and control vane are available in

Ref. 5.

Forces and moments produced by the vane were measured by straln-gage

balances and the total forces and moments were meas,-_ed by the wind-tunnel

balance system. These data were reduced to coefficients based on the fan

annulus area and fan diameter. The results are presented here in tabulated

form along wlth descriptions cf the propulsion system, test procedure, and

data reduction.

Propulsion System

The propulsion sytem consisted of the Hamilton Standard Q-F_n, which

is a 1.4-m (55 in.), 13-bladed, variable-pitch fan driven by a Lycomlns

_ 3
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T55-L-IIA, 2800 kW (3750 hp) gas turbine core engine with a bypass ratio of
!

17:i. The fan was driven through a 4.75:1 gear reduction to a maximum speed

, I:
of 3365 rpm. Additional information on the fan and core engine is available !

I
in Ref. 6. The inlet was an asymmetric inlet designed by the Boeing Company

for a tilt-nacelle lift/cruise fan propulsion system, which allowed testing

at angles of attack up to 95° without separating the inlet flow or stalling I!

the fan. The cowling was designed to provide a nacelle suitable for wind- [
F

tunnel testing. The components of the propulsion system and its major di-

mensions are shown in Fig. i. A more detailed description of the propulsion

system and inlet is available in Ref. i.

The attitude control vane assembly, designed by the Grumman Aerospace

Corporation, consisted of a two-dlmensional airfoil with a 0.772-m (30.4 in.)

chord, 1.619-m (63.75 in.) span and a 10% thlckness-to-chord ratio. The !/
i.

vane was supported by a boom on each end which waq attached to the nacelle. !

The vane pivoted about the 45% chord station, and it incorporated a geared
/

traillnK edge flap pivoted about the 70% chord station. The flap was con-

trolled by two links attached to the boom so that the flap deflection re- i

Ilative to the vane was equal to the vane defle=tlon relative to the nacelle

axis. Vane deflection was controlled by an electric actuator mounted on

one boom. The vane was offset from the engine =enterllne as shown in Fig. I.

The nacelle was mounted approximately 4 m (13 ft.) above the wind-tunnel

floor on a single strut which was shielded from the wind by a fairing. The

nacelle rotated in a horizontal plane about the strut centerline for ansle-

of-attack variation. Fig. 2 shows the propulsion system in the Ames 40- by

80-Foot Wind Tunnel.

4
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Test Procedure

The data were acquired by varying vane deflection angle at constant

thrust, angle of attack, and velocity. Angle of attack varied from 0° to

95°, and velocity varied to a maximum of 93 m/set (180 knots). Vane deflec-

tion angle varied from -30° to 30°. Gross thrust was varied up to a maximum

of 31,600 N (7100 ib) by changing engine speed. The fan blade angle was

held constant at 56 _hroughout the test. The acceptable operating limits

of the propulsion system were determix,ed during a previous _st (Ref. 2).

All of the data presented here were obtained with unse_araLed flow in the

inlet.

Data Reduction

Force and moment data _btained from the wind-tunnel balance system

were used to compute coefficients for the total nacelle forces and moments

2
in the wind-axis system. The fan annulus area, 1.206 m , and fan diameter,

1.397 m, were used for the reference area and length, respectively. The
/

moment center was located on the engine centerline at the axis of rotation,

1.928 m aft of the inlet leading edge. Thrust coefficients were computed

from gross thrust, which was determined from the total and static pressure

and total temperature measurements in the inlet, fan duct, and core engine

inlet. Vane forces and moments were measured with two balances mounted at

the attachment points of the vane to the boom. The vane flap links were

strain gaged to provide corrections to the vane balance data. Vane co-

efficients were computed in the wind-axis system, normalized by the fan !

area and diameter, and transferred to the nacelle moment center. The axis

system and sign convention are shown in Fig. 3.
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Results

The data are presented without analysis in the form of tabulated co-

efficients. Table 1 is an index of tabulated data presented in tables 2-33.

Each table is for one combination of free-stream velocity and nacelle angle

of attack. Each page of a table is a sweep of vane deflection angles a_ a

nominally constant engine speed.

a
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TABLE I.- INDEX OF TABULATED DATA

Table VKTS ALPHA N

2 (a) 23 60 9600

(b) 23 60 9600
(c) 23 60 11800

(d) 23 60 14000

3 (a) 23 75 9600
(b) 23 75 11800

(c) 23 75 14000

4 (a) 23 90 9600
(b) 23 90 11800
(c) 23 90 14000

5 (a) 40 45 9600
(b) 40 45 11800

(c) 40 45 14000

6 (a) 40 60 9600

(b) 40 60 11800

(c) 40 60 14000

7 (a) 40 75 9600

(b) 40 75 11800
(c) 40 75 14000

8 (a) 40 95 9600

(b) 40 95 11800
(c) 40 95 14000

9 (a) 60 33 9600

(b) 60 33 11800
(c) 60 33 14000

lO(a) _= 45 9600
(b) 60 45 11800
(c) 60 45 14000

11 (a) 60 55 9600
(b) 60 55 11800

(c) 60 55 14000

8
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TABLE 1.- CONTINUED.

Tabl_.___e VKTS ALPEA
_ N

12(a) 60 65 9600
(b) 60 65 11800
(c) 60 65 14000

13 60 75 9600

14(a) 80 20 9600
(b) 80 20 11_00
(c) 80 20 14000

15(a) 80 60 9600
(b) 8C 60 10700
(c) 80 60 11800

16(a) 100 5 9600
(b) 100 5 11800
(c) i00 5 14000

17(a) i00 20 9600

(b) i00 20 11800
(c) I00 20 14000

(d) i00 20 14000

18 (a) 100 45 9600
(b) i00 45 11800

(c) 100 45 13000

19(a) 100 60 9600
(b) 100 60 10700
(c) 100 60 11800

20 100 75 9600

21(a)
(b) 120 0 9600
(c) 120 0 11800

120 0 14000

22(a) Z20 25 9600 F
(b) 120 25 11800
(c) 120 Z$ 14000

23(a) 120 51 9600
(b) 120 51 11000

9
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TABLE i.- CONCLUDED.

Table VKTS ALPHA N
2

24(a) 140 0 9600
(b) 140 0 11800

(c) 140 0 14000

25(a) 140 20 9600
(b) 140 20 11800

26(a) 140 33 9600

(b) 140 32 IJJO0

(c) 140 33 %1800
(d) 140 33 14000

27(a) 140 45 9600

(b) 140 45 11800

(c) 140 45 13600
(d) 140 45 13600

28(a) 160 0 9600
(b) 160 0 11800
(c) 160 0 14000

29 160 20 9600

30(a) 160 45 9600
(b) 160 45 11800

(c) 160 45 12800
(d) 160 45 14000

31(a) 180 0 9600
(b) 180 0 11800
(c) 180 0 11800
(d) 180 0 11800
(a) 180 0 14000

32(a) 180 20 9600
(b) 180 20 11800

33 180 33 9600

10

4

1980004748-012





T

' ' 'l ' i
• • • o

I I t

O 8

E

• • • qP •

! I I I _J

'i

_1 ,me ,-e

• • • • • •

_ _ _. _ _ ,,,
eie qul ,,me innlp _ eml ,pe

..J • o _ •

O I I II

• , • . _ . ._._ .,el ,,m ,.-o mo

_;
I

3. ., .* ¢)*I 0

• I -,

]' 1i ].2 ;

1980004748-014









16

.!_1-- - ..............................

1980004748-018







L

! o o

I i I I I k

k t

I'i "

l IIi "=' I

III II • •

,,--i "' _,I e_l_ _ _ ""'

! , i

. . oi.,. _,I . "I " .i
"i

° ° _I,'_, "%1 _,I _,iI _ e_l "'*I

° -i -_
eulll

_ _r _I _ _rI _ _,,, _r _",

.,,j el Ol el • -'

l, O I i

01 _ ,0 _ _t ".,'t =rl _:i
O, • I O, • O_ O_

"el _-o, It, .-og .-o ,.,., I ..=0

I I '1 ' 1

• • ol o oi

] 980004748-02 ]



•..e | r_ --* :3' ,,.,*
..,e .-.o _ | .,,.e ,,-, 4,w

I ! !

> "*'1 ,"- _ _0 _10 ..., --* _ 50

•G = _0 '_ = P" _0 e',-
! O I !

• • • e • • • • •

_'1 o .0 .%1 qr ,0_ i_ O_ PI,-- 1'1,1 . -- , , , --,

]
f

u o v_ o _ o _ :r ,0' r,,,,
_" .j _ nd qr ,0 =)t _r o o _'l
,,T _p • • • ot • • • •

..1 4) _' O' _1 =D -- 'M ,0

0 _v_ _ 0 • ,., _..
r_J _ *%1 0 _ _ 0 _ _,- -.*
qr 0 _. -,, 0 0 qr r... _J

_- _'_ 0 _ 0' 0 *'U _d d_ ,01 _"

•0 0 ,4) 0 _ tJ1 _ "+'I _ ml'

wn i._ :,j,ll Ill ,,J"l .f'l ,,,.pl tJ"S .,/I
i

.J • • • • • • • • I •
161 O d'_ 0 O 0 0 0 _ Cr I 0

l I I l

•., me e., e.o ...* I --. .._ ..., ,,.o

lure • • • • • • • O' •

,(
0 0 O O 0 0 O 0 0

0- " * * " • • "l * *
.J 0 0 0 0 0 0 0 0 -_

20

] 980004748-022





• , • ol

I I I I

3"i .i_ '3" ..,0 _ 0
I a, • .U • •

I I -I' f%l '%1

P

,.d -j ' " " "I " " " ;
.%1 .-_I .,,* I "*
I I I

_'I ' ' " " " ' _- "I II I

-, • • • O! • • • e
_ll 4) t,,,,, J't cI_I CI', _

l
l U O I O I ' I

i

._, _' i! ' " ' :i
i

,,lI _ • _ ,,0,

I
I

_ll • t • • • It • • • •
Ill 0"_ _/_ 4:) 0 0 0 0 Ur_J 0

nli: _ and ,,,,i _ ni i'%l lil
I I O

i
I

II • •

i

: _ P",.t J",. sO ,,P'I It 0 "0 *_
I . . o . . . . . . .

! 1 ot _ o o o o o o 0,
I I

_I o. o.: o. o. o. o o o

" I
• , 22 I

, I

] 980004748-024











I

O I O ! i

i!: :/ "i!if!/
' , 2 '_ g

• ID •

'I f - T i

!
?

el

I :!/ '
": 2

1980004748-029



1980004748-030



i i"

il
, i

I • , ol • i • •

,+ j °i u

,0 I -0 3" _ _ ,..., -

I Ol • • •

,, 7 7 7

"'I " "0 .0r P""

l j l l i

X C _ 1 .'+I _I r ,I

+_J _I" I " 0i

<_ ' , I
I' i_ oI ,.,lj

r *

' I
0" mPl 0" _ [ "- _ i _ ,,.., ,'_; o l <'s,j".D _D I _ P,,., 30 P",, P'.,,_ %1 _ '-

df_l d'l '.rs ufl _i',i ..rl _ i wf_ .i_I .4,,i

I
:_ _J ' 0 ,--. }

w o o _' o o I .,#,+!

i i I ' +l

. - ..e, _! _ _; ,+,.,,i

I •

i i:
pm_ I II, _ • II' • •

<:" :'° "" 3' " "''" '_j I q • • • ol l • I |

I
• I

,i I 29

+ ' I '

1980004748-0:31



_J

° lI
I

1980004748-032





32

.... _J_

1980004748-034



]

i ' i

II 8. o

i r

_ e • • • e •

! I

u
I I I I

t

o ._ _ _ • ; T ' . .-..ll --, -- I I I

' I,._ I ,0 _ -.., ,0 _0 o ,10 .'u

• - • • 4)
_ O! _7' r',.i qr ... ,,..o

I I --,, I I I II

-- • , . • . . •

I

,;t _ " " _. ' ' " '
i

I

_1),' _ 40, :0 _1_ _ -- _ I',i,

; I

.j el I • • e •
,_ ot '_ o t o o o o ._ o

l, I I I l
.._ _ _ _r _r _r _ g.iI

• • • • • • • •

tam O I • * • IP (I • • •

4[
o o o o ¢D o o o o

oi • q_ i e • • • •

33

41........

1980004748-035













1980004748-041





1980004748-043







J

i i

| ,,_ m

t'_JI !

• ,I; • 4

w

• Q • • •

0

• • • ql •

_ _ o,,,, g
II 0 "

'i

q •

44

-%1 ;"

1980004748-046



45

I._ o Ig,- I
_°

1980004748-047



1980004748-048



•D _1 _/_ e%lI "1 _'_ _r _ .'_

• • • a,, el e • • •
_,J O" O" :0 =r _, D o ,... 0")

o I : - ol
! , T II

> ,.,p v.,. o .n -- . .0 .-.. '_

I i

o
• t_li°' 0_ _ _"I I I I i

I t
t

E r,,-, P,,- _r , _ _1'

-q --. ..- I I I I I

• • . • • . • . .
, , _' ; =, T ",f

-4 (._ . . • _ 2 " " " "t

I

' I
> - - " 2 o o o o 2eul • • • • •

0 _ 0 o o o 0 t_ ol

I I I I

'_ O 0 0 O 0 0 0 0

0 0 0 0 • _ 0 0 0 0

_" 0 0 0 0 0 C_ 0 0 0

__i 0 0 O 0 0 0 0 0 C_ l

• !

1980004748-049





q

! I

! I I
j I

! ;

'I • 0' oi e!

Ii o I, I I I

i J * _I
-J _t ,i o • *l • e,

•.. ... I

I 1 1
-I,)

- * .P "I ., .i • I--I

i

_ I _ _ _ _ 1

_l "" .,4! ..,,o .,_ _

I
_, ,.. _ ,_ _1 _'1 "

ii ii

° "t _' "o oi o i

--I -- . • • • • "' "t

I

,. 0! . . • _t •

' I
it '

I I _ o o o o o, o _

I r

_ 49

;4 .. ... -- i

1980004748-051







J

, i

• o I • •

i i

++ fJ

++ _/ _
_ Or

_i ,_i "

i
p

0"+, O! i +

<*+ '+ '_+ i I.++++ +

] 980004748-054





i

I

r
i
r

_J /" *_1 r -'* "UI .._ _-_ ,'_1 ,"u

I I I I

I I I I

I I I I

_ o. - . ... _ o o ,_• • D • • • •

I ! !

. . . • _ _ : • .

. ° o o _ _ --, o o
me t _me _l _ qme me _e qm_ _ml "

"( I
= o o o o =. =. o o o_L ._ _ . _ . . •
,9[

54

1980004748-056





1980004748-058



I I

i

I I I ! _ I

I J

I

I
I

I
I J_ ,_ _ .f _ _ .1,

_l .e .1_" _fl • • • •

I I I

f

,_' _ _ • _t • • • •_13 "" './_ ,0 _',
"! " I I I I I

t i

gl 2 • • • _ • •
I ! I I I I I I !

_: _ ' " "I " " " . . .

(,mlJ • I • • • IP •

1

1_ ,6 D ,0 ,0 .,0 ,0 ,0

I_I 0 U'I _I 0 0 _ _ _, 0

I I II I
I

. . . . . . . . .

i

o. _ ,.- ., • . . . . -:
ill

"i i_ o., o. _. _. _. o = = oel • • .

_I _ _I ndl
I

' I

- I

] 980004748-059



_ ca

-j

1980004748-060



1980004748-061





/ l, '
_ o o _

i i I =.J ': :!-I

_)1 o. _IoI *

":I, _-|| | I= "_' _°"/

• _ _| " __i "

_.J (, =I o,i - =_,,I

: : =l : :/:/

] 980004748-06:3





)

I

qt P

1980004748-065



1980004748-066





1980004748-068







1980004748-071



I

I '

gt _, • •t

I
.,.f! ,t • .E

)

• 4 •

i ! ! 8 It I
i

_ _.i . . . . . . .
! i o o !

-- I
I

I J i Ii , I

,_, _ ,0 _I _ _

i I I I I

• • • • • • I) • •

_1' q' qrl q' q" qr 4,1' _' qr

i
lid ql • 0 t • • • • • •

_iO emo eem8| Io _m_ _8mno _ qnie po

1
I

4[

• • e o • 0 • • •

_]

1980004748-072





1980004748-074





I

_- _ _ Cp_ _ O"

> _. "i o. o. . . .i _,
_J '%1 ._

I I I I
L

_" * • _ o • •_0_ _0 _J*_ot _l '%1 _1 _l•0 ,0 0 ,0 ,0

.*[ • 0: • • . • .
_1_ sm* ue pO mell pl me al

,_ ol o o o o _. o o o
0 0 0 0 0 0 0 0

2 , ,
74 I

] 980004748-076









f

! !

• o • q • • • •

i o

"_l _ .'%1 ,"_1 _ _ .'J,,,

...J • • o • • • •
_,J _ _ ,,,e 0 _ .'%l

I I I I

• . ., • . . .,
e-. _ _, :1' '%1! 0 N .'_1 ,.,f

/ I .O I i

_ o ot • • q e

I I I I
l

,
{.1Itl el • • •

e e! g • ol e

•.U O I/_ ¢1 0 01 I_ CD_

0 ,i , 0 ;
i f

I i

I o_ I • Ot • .I

I 1 *I

Im_ I ol O1 • • •

_= 0 OI 0 0 0 0 0
_l • Ill Oi • • • •

_ , 78 ,

• 1

1980004748-080



J
I

i I I I t t I
i i

4 _ Q '_ _ 0"

,: i I • • i"I
' i

l0 • • •

i t

• 4

-i
' • ,_I ._ ,_

r i 1

• O[ • • • i _I _ • • J

! ! i ,
I ,, Ii

,,, _.! - o o
o I I i I _ .I !

, Io. ot _. o ,o
,0 ,0 ,0

(pun • • qj •

= o. o. _ o o o o o

79

J

1980004748-081





i , I

1980004748-083



I
!

i

J I

i i

i I

,:i -i _ _ _-o

eme em8 gne

! 0 I

< i

• • Q •

t

I |

82 II
1
!

_2

] 980004748-084



] "

, g _:t = = o
I I I I

I

• • • e

] 980004748-085





i

I
- i

0 • • ,1

! ! !

-, -t . • -

'J IJ ,

51-' I• , • J

t '
_J • ol ** • ot

!

,_. QO O! .-.i '_. _0

r_ll r,_ • • I eg • e*

l_ ,.0 .Di _i _ .-..i• ..=till

: 1<
£.

I

g g I _,-- _ J'_ rUi'

•01 ,0 _ ,0 ©!
I

q • • _n

o _I o g.. o,
!

•1o 430 ,_I ao ,Ol
| • m, il -.

GI _ 0", 0,,,_ _ o,,,f

tt_ _"1 _ ,dl kO'_l
i OI • • o|

_ _' ql' w qrl

Q. * * • 0, *l

._, 4[ _1' ql' IW ql'_ '4'1

":' i ,I 85
• I

_". J_ _ qll_ q Hi. _q w, q alp

] 980004748-087





I

• • l

• o. . _
0 Q D ._

i

; o .: ,:

I

(_I ¢) ¢ o

• • _,

._ o o _.

" _ _._I.

q[ o

'_ 87

1980004748-089



2 -" " " g g " " ' d

...i . * --i • -- • • • o •

'! " 'l ' '

_ ., _ -, • . • . .
I I I I ,I 'i

<>I ° <i> - - i> ° -i I I! I I I i
I

,-', i I !
t-, _ I

I _ II I

t I 1i I

t i_> .li ,..o O" r,-, _ :ll" ,,ir'l o

i.i e! ill i • • •
_1'I _ :I1'I' IF _ iT _ II _

t ' '1i ,

: " <ll o -- "= °=, <::ll:> = =
I

_, ., • . . • . .
.,_' 0 IS' 0 0

,.% ,'it. "%1 _ _l t_l rti ,q
I I / II

I
t

o, I It • • •

1I
1

it) w,: 0 '%1 ,0 i_. ,li t_ I_ I._ i_
l-- ., -- -- • -, • • ,: • •
t_ Ol 0 0 0 Oi 0 -- 04 ¢1 _l

,0 i 0 _ .0 ,01 _l O! ,0 i ,0 ,0
llill ! ,emil lliO dlnl wllll _ Ilill qlml qmO

i: , 0 0 0 0 _I 0 OI 0 0
o! • • o o_ • i • •

-I o I o o o ,:l o o o i o o

I

: 88

]980004748-090



I

*4 e .1 • •" _ ;
! I J !

,-, , - . . g • . .
:_ 0 0 0 _-* --,

=_ • • ,, • o •

i 'I I l I

o I • • !

T " - ? "

; 0 0 0 0

_'_ p_ -

,Ol"_l'l X! _ _ "1 " -- -", o _I

1

I

- _ '_ °i '_ _ '- ,
,0

._ .i -: o. _ o -• • II

I_J o! o 0_ Ol{2 ,-, ,-, -_ I_li

i =; ' ile

I

• Ill _ will lie Im Imlli

o_ _,_'_ ¢D 0 _ ¢DI 0 0 OI 0
11_ aid I O : I I • e • I •

• f

_': i, I 89

I i !

1980004748-091





r

• e • • • . , t-_:l I I I O
I

!
II I I I :

qiI . _ 0 Ill 1It qII _ 0 __
/ / I I

--I ._I r,,. '0 _ O _ -- _r o

<., ,..,-,_ • . . . . . , .,.0 _ r%l ,I _ _ I'li,i r,,.

I i,
i

_l qr _r url o 0 I 0 _* O' _'_ mi,,,l * • * • *1 __ , , , •

|

lO
_ i,t,i li_ ,-,- ti't r,t'l

I I I I t O

i '
• _i _ _> o o

. _,: _ _ o, _ _, o, o o, o

i • • • •

II > Ir li _r
I

n

I

] 980004748-09:3



I

I
i
J
I
I

, I

i p

!
,,..1_1 ,_ _! ,_ _

o o _,

_ P qlIF aml_,w

1980004748-094





I

:_ • .#t 0

I I

i,.l .-, 0
I I I

• Oi •

I ,_ _,_1I .-,
• O I •mO _

• I

I

e: _t •

o o I o

I
I
!

Ill I .-i llrl c/b

i Jam • • • t

I
l _ : o oi o

_j, • i •

.,,11 _ J5 dt

41 I tr ll'l ir I

t
I

. 94 '

,i j
t

] 980004748-096



|

*|

1980004748-097









p,_ ,_

• ql l

'I I
+

P",,,, +

+ < ..: +< _ ,: ,.P.+ __
4 q • •

" "' ° T _ T T

: ° _,
| II • •

I 0 --0 eX I"%1 .,-0

lml

• • q • +

U_I wr IJ"l t,_ ,.., _ 1,I'

+

k,- _ ,0 _' r- O, _1 oC
_- 4) ,0 .,* qr ul_ ,q _ ,4:

_.l 0 I/_ 0 _ 0 ¢1• O" q 0

I I I

_ ,,'* c _kl ,0 0 _ W_ 0
• • • • • • q III

0 0 0 ( 0 0 0 0 0

lull O • • • • • ql •
• _ 0 0 O' 0 •

::_ I_ _ _0 _ 0 0 +

o o, o ,_ o o o o o
_- • • • e * o
.J 0 0 0 ¢ O 0 O_ 0 O _<

l 99

t ,

1 •

!

• I °. ° _ "

]980004748-]0]





_ _ = o ,,. _ o

I I I !

I

¢ C: _ ¢ 0 ,,- .,.e
!

i

_1' _.- :, C J'l 3' .0
:_ _0 P,,- _ P,.. = =P O' ,0

,,.,J • • q _ • q •" ";" ";" 7 ° " " "J

f f.J e • 4 * • • •

I I I

r_
• • * o _ • • •

0 0 O 0 ¢ =_ ,,,.,+ ,...e
I I I I

...J • • I • • • • •

I I I I

¢

• • • • • • II •

• _ 0 0 0 _ ¢_ _ 0 0 0 I

,(
2= OI @ 0 0 0 0 OI 0

tl I t • • • • l

...I OI 0 C) O 0 O O O

_o < I'_ _ _ I'%1 _ _i _ _ i

!
J 101

, I I

_L.. --

] 9BOOO474B-]03



i
i

i
I
I

_r ,_) _0 _,_

_ a0 o0 _ .t_ 3" 3 • _._

" : " "1 ' " ' "i "
t l I I I

!

) ,-,* _ ell 01 7 _ _ O"I 1_

I l t t l ,
I

U ,"1 ,,,o _ _ OI 0 -" 0 _ -"

i I o i i i i
I

_rI _ _ _'_ _ Ol _ _ _ _r
i

i,,,) • • • • • • I * , • •
o ,0 J'l J'_ qr _l ! o o -, o

J'l =P, ,0 _0 :0 _: _ .10 _r o
_, .*_ .- .-, ..,, e_ 0 e' *q J,q _1',
(,,,) • • • • • • • • • 01

r_ll _ _ @ f•'ll _ _O P"I _ o

GJ • * * • • • * • I * *

,-,, qr _0 _ i,_ _ _ "_Di J',l _ 4):

.I

• • * *l * • • * _ •
Ud 0 U'l 0 O, 0 0 _'_I _' ¢I'
__ _1 _1 (Sd i_d: --0 I "tl --0

I I I I_ I

_t r_. _0 drl _0 o 0 0• I_ r_

_' O" @' _ e' O' O' @' {P

Ul tr _. _1 ,.,, J_ _ • _ O" aO Pq

2_ O 0 0 0 0 0 O! 0 0 0
¢L • • • * • • 0! • • *

102

1980004748-104



2.90 _i

p------ 1.928-----, I 1.00 0.443 .__

/ . T'_L'11:k..__.. _CORE ENGINE

WINDWARD SIDE LIP DIMENSIONS IN m

BYPASSRATIO; 17:I

MAX. FAN SPEED: 3365 rpm
FAN AREA: 1.206 m2

FAN DIAMETER; 1.397 m

FAN EXIT AREA: 1.064 m2

CORE EXIT AREA: 0.25 m2

Figure 1.- Nacelle schematic,
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Figure2.- Tilt-nacelleV/STOLpropulsionsystemwith controlvane in the Ames
40- by 80-FootWind Tunnel.
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CL

_ i NACELLE MOMENT CENTER
_4/e I.CLv / AND ROTATION AXIS

9__V CD VANE PIVOT

V_ LJ--4mv'_ (7 _ /Lv

•4os,,, ""¢'- -.// "_Dv

Lv = _A F

Ov cos_ + Lv sin_
CDv - qA F

NOTE:
Mv - 2.405 Lv + 0.34 Dv ALL PARAMETERS

=

Cmv qAFd SHOWN IN
POSITIVE DIR ECTION

Figure 3.- .%xis system and sign convention.
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